A program of high resolution spectroscopy of comets is being conducted at TNG (Canary Islands) using the echelle spectrograph SARG. The aim of the program is to catalogue emission lines in the visible range of various comets, compare them and possibly identify the many existing unknown lines. As a first step, we catalogued the lines in the spectrum of the comet 153P/Ikeya-Zhang and compared them with the lines already listed in existing catalogues. The comet was observed with SARG on the night 19-20 of April, 2002, with a short slit covering the spectral range of 4620-7920 Å and with a resolving power R = 57 000, finding 8468 emission lines.
Introduction
The study of comets is very important to understand the early evolution of the Solar System, because comets are thought to contain the matter least modified since the formation of our Solar System. Most of our knowledge about comets comes from the study of the coma, much more simple to observe than the nucleus. All the species that can be observed in the coma of a comet were once contained in the nucleus, and are called parent molecules, or are the product of a physical process that affected a parent molecule and are called daughter molecules. Parent molecules can be directly observed only by measuring the radiation emitted in the IR or radio wavelengths, while daughter molecules emit mainly in the visible and ultraviolet wavelengths.
The visible spectral range is crowded with lines, and between them many important lines of daughter molecules and ions are still to be identified. The study of these lines could provide a large amount of information on the composition and the chemical processes working in the coma, on the environment of molecular formation or condensation and of the thermal history of cometary ices: we still have to understand some key points on the origin and evolution of a comet related to chemical processes and composition and the analysis of molecular and atomic emission lines would help this. Low resolution visible spectra have been obtained for many comets and in several examples it would be very useful to obtain the identification of the lines in the region of interest with high resolution (R > 40 000) spectra. Up to now very few comets have been observed at high spectral resolution, due to the few high resolution spectrographs available and the difficulty to obtain time at the telescopes when the comet is bright enough. Every time it has been possible to get high Catalog, full Table 3 and Tables 4-9 are only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/461/789 resolution spectra of a comet much information has been obtained, depending on the wavelength range covered, but most of these observations have been concentrated on small spectral regions. The advent of echelle spectrographs gives us the possibility to obtain high resolution spectra in a large wavelength region.
A program of high resolution spectroscopy of comets has been started at the Telescopio Nazionale Galileo (TNG) on La Palma (Canary Islands), using the echelle spectrograph SARG; four comets have been observed (153P/Ikeya-Zhang, 1P/Encke, C/2001 Q4 (NEAT) and 9P/Tempel 1). Our first objective is to obtain a catalog of emission lines over a wide spectral range with a resolving power greater than 40 000 for a large sample of comets, in order to make comparisons and to study the interesting lines. The sample of comets for which emission line catalogs exist is so far very poor, and only new and long period comets have been observed. Only three catalogues of this type exist (Brown et al. 1996; Zhang et al. 2001; Cochran & Cochran 2002) . The catalog by Cochran & Cochran (2002) is by far the most complete, because identifications made using lists of lines measured in the laboratory, as done by Brown et al. (1996) , but the resolution of the spectra is higher (R = 60 000). In the catalog published by Zhang et al. (2001) , reporting a short list of emission lines for comet Hale-Bopp, the line identifications were based only on wavelength coincidences with the Brown et al. (1996) catalog. For each observed comet thousands of emission lines have been measured and about 20% were unidentified. It is well known that in the visible range several unidentified lines exist (Arpigny 1995) ; while it is possible that minor unknown species are hidden between these lines, most of them probably originate from not-yet catalogued transition lines of well known species (NH 2 , C 2 .) or isotopes. The identification of these lines is our long term aim; it is a very difficult task, due to the lack of suitable laboratory lists and the difficulty in using existing ones. It is also of interest to compare the unidentified lines found in the observed comets and analyze the differences: they may be due to a different origin and/or evolution, providing different composition and physical characteristics, or the different heliocentric and geocentric distances of observation, suggesting different thermodynamic environments.
153P/Ikeya-Zhang
The comet 153P/Ikeya-Zhang, discovered on February 2002 (Ikeya & Zhang 2002 ), passed at perihelion on the 18th March 2002 and was faintly visible to the naked eye in March and April. This comet seems to be the return of a comet seen in 1661, C/1661 C1 (Marsden & Nakano 2002) .
Comet 153P/Ikeya-Zhang has been observed previously. Kawakita & Watanabe (2002) reported that unidentified molecular bands, recognized in the plasma tail of several comets, are detected in the antisunward coma of the comet 153P/Ikeya-Zhang. They suggested that the unidentified band at 5310 Å is correlated to the flux of H 2 O + . The visible spectrum that is the subject of this paper (see the following section) has already been used for the determination of the nuclear spin temperature of ammonia (Kawakita et al. 2004 ) and of the ratio of atomic oxygen lines (Capria et al. 2005) , confirming the usefulness of the high resolution spectrum of a comet. 153P/Ikeya-Zhang is one of the few comets for which the nuclear spin temperature of ammonia has been estimated (Kawakita et al. 2004 ) and is about 32 K. The result is similar to previous measurements in three other comets, C/2001 A2, C/1999 S4 and C/1995 O1: the nuclear spin temperatures of ammonia in these comets are around 30 K (Kawakita et al. 2004 ). These nuclear spin temperatures were measured under quite different conditions (heliocentric distances and gas production rates) and it would suggest that the spin temperature might reflect the physical temperature of dust grains where the molecules formed.
The atomic oxygen emission lines were the subject of a dedicated paper (Capria et al. 2005) . The intensity ratio of the green to the red doublet was measured and the value found is compatible with the hypothesis that the lines originate mainly from the dissociation of the water molecule.
Observations and data reduction
Comet 153P/Ikeya-Zhang was observed on April 20 with the cross dispersed echelle spectrograph SARG on the 3.5 m TNG telescope in La Palma (Canary Islands, Spain). At the moment of observation, the comet had a heliocentric distance of 0.89 AU and a geocentric distance of 0.43 AU (Table 1) . A selection of 6 slits is available on the spectrograph: a slit can be selected working on a wheel at the main aperture. Each slit provides a different resolving power, to be selected according to the brightness of the target object. A slit of 0.8 × 5.3 arcsec was used, providing a resolving power R = 57 000, with a yellow grism allowing us to cover a spectral range of 4620-7920 Å and blazed at 5889 Å. Each order has been summed over the pixels along the full length of the slit.
The detector is a mosaic of 2 2 K × 4 K thinned and back illuminated CCDs with a 13.5 µm pixel size (0.16 arcsec/pixel), where the first chip includes the first 34 orders and the second one the following 21. The complete set of plots showing all the orders are available in electronic form at the CDS and Fig. 1 reports the orders 29 and 30. On each plot the scale has been adjusted to the line of maximum intensity.
The data were reduced using the ECHELLE package of IRAF. Incandescent lamp observations were used to determine the flat field; ThAr lamp spectra were used to calculate the dispersion curve and, by fitting Thorium line positions for each order, a dispersion solution was achieved with rms errors lower than 7 mÅ. The blaze function of each order has been corrected, fitting the continuum and dividing by the result of the fit. Each order has an overlapping region in the adjacent orders increasing toward the blue. Table 2 shows the wavelength range covered by each order.
Emission line identification
Emission features were searched for in the spectrum and the telluric emission lines were identified in the list of the measured lines. These telluric lines are due primarily to OH and O 2 , but Na and atomic oxygen lines are also present. In the range observed, the telluric lines are found both in emission and in absorption: while for the absorption lines the lost information cannot be recovered, the emission lines can be identified and removed using the catalog by Osterbrock et al. (1996) . The lines in the catalog have been Doppler-shifted by the cometary geocentric velocity.
The identification of the remaining lines was based on the catalog and the context plots produced by Cochran & Cochran (2002) , available on the web. All the lines were identified in the above cited list and by inspection of the related plots.
Many orders have some overlap in the dispersion direction with the consecutive orders, and both order edges are often distorted. In order to treat with these problems, we adopted the following procedure: the distorted sections of each order were discarded, and the overlapping portions superimposed, inspected and compared with the Cochran & Cochran (2002) plots. Emission lines were listed and included in our catalog only when they could be found, with similar intensity, in both the overlapping sections of an order. The quality of the spectrum is comparable with the spectra of comet 122P/de Vico, published by Cochran & Cochran (2002) ; the context is so similar that almost every line found in our spectrum, even the weakest, has a corresponding match in the spectrum of 122P/de Vico. In Fig. 2 we show a section of the order 39 with the labels identifying the emission.
The catalogs published by Brown et al. (1996) and Zhang et al. (2001) were used to cover the few gaps existing in the catalog published by Cochran & Cochran (2002) but, due to the lack of accompanying plots and the lower wavelength resolution, these identifications should be considered less accurate: we listed in our tables only emission present in both catalogues.
In this way, we have obtained a list of 8468 lines, 1862 of which unidentified ("Unid" in the tables). In Table 3 we reproduce a small section of our catalog, corresponding to the lines shown in Fig. 2 . In our list we have included many blended lines, noted with a "+" sign: we have assumed that, each time a line was clearly a blend of more lines, all the transitions listed in that position in the catalog by Cochran & Cochran (2002) may be present. In the cited catalogs (Brown et al. 1996; Zhang et al. 2001 ) a similar approach was followed.
The complete table, containing all the emission lines found in our spectrum sorted by wavelength, is available in electronic form at the CDS. The Tables 4-9 containing the emission lines listed by species C 2 , NH 2 , CN, H 2 O + , atomic species, and unidentified emissions respectively are also available at the CDS, with the same columns as Table 3 .
Discussion and conclusion
Most of the lines we have found are C 2 , NH 2 and CN (respectively, 4723, 1572 and 216 lines for each individual table), but we also have found 89 lines attributed to H 2 O + . We have only one spectrum taken in the optocenter of the comet, so we cannot check this with a spectrum taken in the tail, as done by Cochran & Cochran (2002) , but we are confident about their attribution Table 3 . From the table containing all the emission lines found in the spectrum, available at the CDS. The first column is the wavelength in angstrom; the second column the relative peak intensity; the third column contains the molecule name (or "Unid" when the line is unidentified); electronic, vibrational and rotational transitions are given in the last columns. In the list we have included many blended lines noted with a " + " sign. because they are many and we know that H 2 O + can be found also in a spectrum not taken in the tail.
Furthermore we have found some atomic lines to be oxygen, that we have used to determine the ratio between the green and red emission (Capria et al. 2005) , and the sodium D-lines, confirming their presence in this comet (Fig. 3) .
In our catalog, 1862 lines are "Unidentified", some of which very strong. This is the most intriguing part of the catalog: while many of the lines are probably transitions from known species not listed in the laboratory catalogues, lines from minor unknown species could be hidden in this forest. Further laboratory work and more complete catalogs of measured lines are necessary. We have found in our spectrum several unknown lines not present in the catalog by Cochran & Cochran (2002) . Due to the fact that we are working with only one spectrum we choose to include in our tables only the lines whose identification is sure enough, and for the moment these lines are not listed. They will be the subject of further studies. We are also planning to collect laboratory measured lines of the molecules of interest, and make comparisons between all the comet spectra we have acquired.
Thus, we have analyzed high resolution visible spectrum of comet 153P/Ikeya-Zhang and listed 8468 emission lines. 6606 lines were attributed to a species, while 1862 unidentified. The identification was based on the catalog published by Cochran & Cochran (2002) and was done by wavelength coincidence, the spectra of the comet 122P/de Vico are remarkably similar to our spectrum, so the context has been extensively used to confirm our interpretations.
